The role of personality in the causation of cancer has been controversial. We examined this question in a large, prospective study. Methods: From June through August 1990, 30 277 residents of Miyagi Prefecture in northern Japan completed a Japanese version of the short form of the Eysenck Personality Questionnaire-Revised and a questionnaire on various health habits. There were 671 prevalent cases of cancer at baseline, and 986 incident cases of cancer were identified during 7 years of follow-up, through December 1997. We used Cox proportional hazards regression to estimate the relative risk (RR) of incident cancer (total, stomach, colorectal, breast, and lung) according to four levels of each of four personality subscales (extraversion, neuroticism, psychoticism, and lie), with adjustment for sex, age, education, smoking, alcohol use, body mass index, and family history of cancer. Statistical tests were two-sided. Results: Multivariable RRs of total cancer for individuals in the highest level of each personality subscale as compared with those in the lowest were 0.9 for extraversion (95% confidence interval [CI] = 0.7 to 1.1; P trend = .32), 1.1 for psychoticism (95% CI = 0.9 to 1.3; P trend = .96), 0.9 for lie (95% CI = 0.7 to 1.0; P trend = .19), and 1.2 for neuroticism (95% CI = 1.0 to 1.4; P trend = .06). There were no associations between any personality subscale and risk of specific cancers. Neuroticism showed statistically significant positive, linear associations with prevalent cancer at baseline (P trend <.001) and with the 320 incident cancer cases diagnosed within the first 3 years of follow-up (P trend = .03); however, it showed no association with the 666 cases diagnosed during the fourth through the seventh years of follow-up (P trend = .43). Conclusion: Our data do not support the hypothesis that personality is a risk factor for cancer incidence. The association between neuroticism and prevalent cancer may be a consequence, rather than a cause, of cancer diagnosis or symptoms. [J Natl Cancer Inst 2003;95:799-5]
Personality has long been hypothesized to play a causative role in the development of cancer. Around 200 A.D., Galen observed that melancholic women were more prone to cancer than were women of a sanguine temperament (1) . In 1962, Kissen and Eysenck (2) conducted one of the first modern studies of the association between personality and cancer and reported that patients with lung cancer were more likely to be extraverted and less likely to be neurotic as compared with hospital controls.
The findings of subsequent studies examining the association between personality and cancer incidence (1, (3) (4) (5) (6) (7) (8) (9) (10) (11) or mortality (12) (13) (14) have been inconsistent. Of six retrospective studies reported to date (1) (2) (3) (4) (5) (6) , four found statistically significant associations between higher scores for extraversion (2, 3) , lower scores for neuroticism (2, 4, 5) , and lower scores for trait anxiety (4) and increased risk of cancer of the breast (4), lung (2, 5) , and all sites combined (3) . The other two studies found no association between personality scales and breast (1) or gastric (6) cancer. Of 10 prospective cohort studies (7) (8) (9) (10) (11) (12) (13) (14) , five found statistically significant associations between "Type 1" personality [understimulation (12) ] or hopelessness (8) and total cancer and between anti-emotionality (an absence of emotional behavior or a lack of trust in one's own feelings) (7) and breast cancer. The other five prospective studies found no statistically significant associations between personality and breast cancer (10) or total cancer (9, 11, 13, 14) . The majority of these studies had methodological limitations, including the use of a retrospective design (1) (2) (3) (4) (5) (6) , a small number of cancer cases [ranging from 29 (12) to 249 (5)], and failure to control sufficiently for potentially confounding variables such as smoking and alcohol use (1) (2) (3) (4) (5) (6) (7) 10, 12) .
To further examine the association between personality and the risk of cancer, we conducted a population-based prospective cohort study in rural Japan. This study used the Japanese version of the personality questionnaire developed by Eysenck and colleagues (15) and involved 986 incident and 671 prevalent cancer cases, the largest number of cases to date.
SUBJECTS AND METHODS

Study Cohort
We have reported the design of this prospective cohort study in detail elsewhere (16, 17) . Briefly, we delivered two selfadministered questionnaires to all 51 921 residents aged 40-64 years in 14 municipalities of Miyagi Prefecture in rural northern Japan from June through August 1990. The first questionnaire asked about various health habits, and the second was the Japanese version of the Eysenck Personality Questionnaire-Revised (EPQ-R) Short Form (15) . The questionnaires were delivered to, and collected at, the subjects' residences by members of health promotion committees appointed by the municipal governments. The response rate for the first questionnaire was 91.7% (n ‫ס‬ 47 605), and that for the second questionnaire among the respondents to the first was 79.8% (n ‫ס‬ 41 442). The study protocol was approved by the institutional review board of Tohoku Uni-versity Graduate School of Medicine. We considered the return of self-administered questionnaires signed by the subjects to imply their consent to participate in the study.
Exposure Data
The first questionnaire asked about demographic variables, personal and family histories of cancer and other diseases, and health habits, including smoking, alcohol use, diet, use of health services, and self-reported height and weight. The second questionnaire was a Japanese translation of the original English version of the EPQ-R Short Form, one of a series of personality inventories developed by Eysenck and colleagues (18) . The EPQ-R has 48 questions with dichotomized responses (yes or no); there are 12 questions for each of four personality subscales (extraversion, neuroticism, psychoticism, and lie). Scores on each subscale range from 0 to 12, with higher scores indicating a greater tendency to possess the personality trait represented by each subscale. Extraversion represents sociability, liveliness, and surgency; neuroticism represents emotional instability and anxiousness; psychoticism represents tough-mindedness, aggressiveness, coldness, and egocentricity; and lie represents unsophisticated dissimulation and social naivety or conformity (19) .
Several of Eysenck's personality questionnaires have been translated to Japanese (15, 20, 21) and have been applied in various research and clinical settings, including studies examining associations with tobacco and nicotine dependence in male smokers (22) ; health perception, life satisfaction, and other measures of quality of life in rural community residents (23); behaviors for coping with stress in female college students (24) ; and adjustment of high school students in an international exchange program (25) . These studies indicate that Eysenck's personality theory is as applicable to Japanese individuals as it is to Western individuals.
In previous work (15), we developed the Japanese version of the EPQ-R and examined its reproducibility and validity among 329 college students and 253 adults. Cronbach's ␣ coefficient, a measure of internal consistency, was greater than 0.70 for all subscales except psychoticism (0.42 for college students and 0.48 for adults). Test-retest reliability coefficients of the four subscales over a 6-month period ranged from 0.70 to 0.85, indicating substantial stability. Confirmatory factor analysis supported the original theoretical structure of the four scales proposed by Eysenck and colleagues (18) . Scores on the four subscales were highly correlated with scores on similar subscales in the Japanese versions of the Sixteen Personality Factor Questionnaire (26) and the Maudsley Personality Inventory (20) , indicating that the questionnaire had a high degree of concurrent validity.
Follow-Up
We used population registries in the 14 municipalities to ascertain the vital and residential status of the subjects from June 1, 1990, through December 31, 1997. We identified incident cases of cancer by computerized record linkage with the Miyagi Prefectural Cancer Registry, which covers the study area (27) .
Of the 41 442 subjects who responded to the two questionnaires, we excluded 8618 subjects for whom responses to any of the 48 items in the EPQ-R were missing and 54 subjects who responded "yes" or "no" to every one of the 48 items. We also excluded 2493 subjects who indicated that the two questionnaires had been completed with the aid of other family members because we considered that such aid might have affected the response patterns of the study subjects. For the analysis of incident cancer, we also excluded 671 subjects with prevalent cancer ascertained either by self-reporting in the health-habit questionnaire or from cancer registry records. Consequently, 29 606 subjects (14 473 men and 15 133 women) remained for the analysis of incident cancer. Over the follow-up period, 986 incident cases of cancer (588 in men and 398 in women) were identified.
We observed little difference between subjects who completed the two questionnaires (n ‫ס‬ 41 442) and those who remained for the analysis of incident cancer (n ‫ס‬ 29 606). Specifically, for men in the two groups, the mean ages were 51.7 and 51.1 years, the prevalence of current smokers was 61.1% and 60.8%, respectively, and the prevalence of family history of cancer was 25.8% in both groups. Characteristics of women in the two groups were also similar. Furthermore, the subjects who remained for the current analysis made up 57% of the total population of adults aged 40-64 years at baseline (June 1, 1990) in the study area. The two groups were also similar with respect to the distribution of sex (men made up 48.9% and 48.7% of the groups, respectively) and age classes (e.g., subjects aged 50-59 years made up 36.9% and 38.7% of the groups, respectively). Taken together, these findings indicate that the subjects we analyzed were representative of the total population in the study area.
Statistical Analysis
We counted person-years of follow-up for each subject from June 1, 1990, until the date of diagnosis of cancer, date of emigration outside the study districts (because of logistical limitations), date of death, or the end of the study period (December 31, 1997), whichever occurred first. A total of 215 810 personyears resulted. A total of 1088 subjects (3.7% of the analytic cohort) were lost to follow-up during the study period.
Each personality subscale was divided into four categories to divide the total subjects as closely as possible into even-sized quartiles. Relative risk (RR) was computed as the incidence among subjects in each category of a personality subscale divided by the incidence among subjects in the lowest category. We used Cox proportional hazards regression to adjust for sex, age, and other potentially confounding variables (28) using the SAS PHREG procedure in the SAS version 8.2 statistical software package (SAS Institute, Cary, NC). The assumption of proportional hazards was verified graphically. We repeated all analyses after excluding the 320 cancer cases diagnosed after baseline in the first 3 years of follow-up (194 men and 126 women) in case health issues related to as-yet-undiagnosed cancer affected personality. P values for testing statistical significance of linear trends were calculated by treating personality subscales as continuous variables. All P values were two-tailed. This study has approximately 85% statistical power, with a twosided ␣ error level of 5%, to detect a true hazard ratio of 1.3 for total cancer among the highest versus lowest categories of the personality subscales (29) .
In addition to sex and age, we considered the following variables as potential confounders a priori: cigarette smoking (never smoked, smoked in the past, currently smoking 1-19 cigarettes per day, or currently smoking ജ20 cigarettes per day), alcohol consumption (never drank alcohol, drank in the past, currently drinking 22.7 g of alcohol or less per day, or currently drinking 22.8 g of alcohol [corresponding to one small bottle of sake] or more per day), body mass index in kg/m 2 (ജ18.4, 18.5 to 24.9, or ജ25.0); education (in school until age 15 years or younger, age 16-18 years, or age 19 years or older), and family history of cancer (presence or absence in first-degree relatives). For the adjustment of smoking, we entered three types of smoking variables into separate multivariable models, including 1) categorical variables for smoking status, as mentioned above; 2) the number of pack-years of smoking as a continuous variable; or 3) the number of the cigarettes currently smoked per day as a continuous variable. Because we observed similar results irrespective of the choice of these variables, we presented the results with the categorical variables for smoking status.
For the cancer risk estimates, we analyzed both total incident cancer (986 cases) and the four most common cancer sites among the subjects: stomach (229 cases), colorectum (186 cases), lung (108 cases), and breast (87 cases, all women). We also used combined cancer endpoints according to whether they were associated with smoking; for smoking-associated cancers, we included cancers of the lung (108 cases), esophagus (34 cases), pancreas (32 cases), cervix (25 cases), bladder (21 cases), oral cavity (21 cases), and pharynx (16 cases) (30) , for a total of 257 cases. We excluded from the analysis of smoking-associated cancers 12 cancer cases whose primary sites were not specified, thus leaving 717 cases designated as not smoking-associated.
We also conducted additional analyses to examine how study design (retrospective or prospective) and duration of follow-up (in prospective analyses) affected the associations between personality scales and the risk of total cancer. In the retrospective analysis, we used as an endpoint the 671 cases of cancer that were prevalent at baseline and had been ascertained from selfreports in the health-habit questionnaire or from cancer registry records. We estimated odds ratios of the presence of prevalent cancers for different levels of personality subscales by unconditional logistic regression (28) . In the prospective analyses, we used two durations of follow-up: the first analysis involved the first 3 years of follow-up from the baseline, and the second involved 7 years of follow-up but excluded cancer cases diagnosed within the first 3 years.
RESULTS
We first compared the characteristics of subjects in the highest and the lowest categories (i.e., approximate quartiles) of each personality subscale (Table 1) . Both men and women in the highest category of extraversion were more likely than those in the lowest to be current smokers, current drinkers, and overweight (i.e., BMI of 25 kg/m 2 or higher). Subjects in the highest category of neuroticism were less likely than those in the lowest category to be overweight, and those in the highest category of psychoticism were more likely than those in the lowest to be current smokers. Subjects in the highest category of the lie scale were older than those in the lowest category and less likely to be current smokers, current drinkers, overweight (men only), and to have attended school until age 19 or older (women only).
In multivariable Cox proportional hazards regression analyses, we found no statistically significant association between any of the four personality subscales and the RR of total cancer ( Table 2 ). Neuroticism showed a borderline statistically significant linear trend association with increased RR of cancer (P trend ‫ס‬ .06), but the association disappeared after the 320 cases of cancer diagnosed in the first 3 years of follow-up were excluded from the analysis.
We conducted stratified analyses of relative risk of cancer according to sex, 5-year age class, cigarette smoking, alcohol consumption, body mass index, education, and family history of cancer (data not shown). However, the associations between personality subscales and the risk of cancer were not markedly modified by any of these variables.
We also found no statistically significant associations between any of the personality subscales and the risk of the four cancers that were most common among the subjects (stomach, colorectum, lung, and breast) and cancer at sites defined according to whether or not they are associated with smoking (Table 3) . Across all levels of extraversion, from lowest to highest, there was some evidence of a decreased risk of breast cancer (P trend ‫ס‬ .046), but the association disappeared when the 32 cases of breast cancer diagnosed in the first 3 years of follow-up were excluded.
In the analyses that examined the effect of study design (i.e., retrospective or prospective) and duration of follow-up (in the prospective study) on associations between personality subscales and the risk of total cancer, we found that the association with neuroticism was different depending on which analysis was done (Fig. 1) . In the retrospective analysis, neuroticism showed a statistically significant linear, positive association with the presence of cancer at baseline (P trend <.001). In the prospective analysis with only 3 years of follow-up, neuroticism also showed a statistically significant linear, positive association with the RR of incident cancer (P trend ‫ס‬ .03). However, in the second prospective analysis, in which subjects were followed for 7 years but in which cancer cases diagnosed in the first 3 years of follow-up were excluded, neuroticism showed no association with the incident risk of cancer (P trend ‫ס‬ .43). The other three subscales of personality showed no association with the risk of total cancer, regardless of study design or duration of follow-up (data not shown).
DISCUSSION
In this population-based prospective cohort study in rural northern Japan, we found no association between any of four personality subscales measured by the Eysenck questionnaire (extroversion, neuroticism, psychoticism, and lie) and the risk of either total cancer or cancers of the stomach, lung, colorectum, and breast. Our study had several methodologic advantages compared with previous studies of personality and cancer, including a prospective design, recruitment of subjects from the general population, and extensive control for potentially confounding variables such as smoking, alcohol use, body mass index, family history of cancer, and education (a measure of socioeconomic status).
Our findings in the analyses according to study design and the duration of follow-up (Fig. 1 ) may provide clues for interpreting the discrepancies among previous studies on personality and cancer. That is, we found a statistically significant positive association between neuroticism and prevalent cases of cancer at baseline and with cancer cases diagnosed in the first 3 years of follow-up. A neurotic tendency among subjects with prevalent cases of cancer may be a consequence, rather than a cause, of having been diagnosed with cancer. Similarly, a neurotic tendency of subjects with cancer diagnosed in the early years of follow-up may be a consequence of subclinical symptoms caused by cancers that were present but undiagnosed at baseline. In contrast, we found no association between neuroticism and the risk of being diagnosed with cancer during the later years of follow-up. The majority of these cancer cases would have been asymptomatic at baseline, when personality was assessed. This analysis would be least susceptible to distortion when examining *Multivariable RRs are adjusted for sex, age (in years), cigarette smoking (never smoked, smoked in the past, currently smoking 1-19 cigarettes per day, or currently smoking ജ20 cigarettes per day), alcohol consumption (never drank alcohol, drank in the past, currently drinking ഛ22.7 g of alcohol per day, or currently drinking ജ22.8 g of alcohol per day), body mass index in kg/m 2 (ഛ18.4, 18.5-24.9, or ജ25.0), education (in school until up to age 15 years, until age 16-18 years, or until age 19 years or older), and family history of cancer (presence or absence in first-degree relatives). RR1 denotes the RR with all cases of cancer included in the multivariable analysis; RR2 denotes the RR with cases diagnosed in the first 3 years of follow-up excluded from the analysis. All RRs are given with 95% confidence intervals (CIs) in parentheses.
†Each personality subscale (scored on a scale of 0-12) was divided into four categories as equal in size as possible, on the basis of scores in the total population; different subscales therefore have different category cutpoints.
‡P trend values were calculated by treating personality subscales as continuous variables.
the temporal association between personality (putative cause) and the development of cancer (effect).
Although the questionnaire that we used, EPQ-R, measures general personality dimensions rather than personality dimensions more specifically hypothesized to be associated with cancer, previous studies finding statistically significant associations with cancer risk also use questionnaires developed by Eysenck (2-5) and another questionnaire developed for general use (7). It is therefore unlikely that the observed lack of association is due mainly to the use of the general personality questionnaire.
Several investigators have developed measures of personality dimensions that are more specifically hypothesized to be associated with cancer and have examined the associations between these measures and cancer risk. The first line of work was initiated by Temoshok et al. (31) , who observed that tumor thickness in patients with malignant melanoma was positively asso- .57
*Cox proportional hazards regression was used to adjust multivariable RRs for sex, age (in years), cigarette smoking (never smoked, smoked in the past, currently smoking 1-19 cigarettes per day, or currently smoking ജ20 cigarettes per day), alcohol consumption (never drank alcohol, drank in the past, currently drinking ഛ22.7 g of alcohol per day, or currently drinking ജ22.8 g of alcohol per day), body mass index in kg/m 2 (ഛ18.4, 18.5-24.9, or ജ25.0), education (in school until up to age 15 years, until age 16-18 years, or until age 19 years or older), and family history of cancer (presence or absence in first-degree relatives). RR1 denotes the relative risk with all cases of cancer included in the multivariable analysis; RR2 denotes the relative risk with cases diagnosed in the first 3 years of follow-up excluded from the analysis. CI ‫ס‬ confidence interval.
†P trend values were calculated by treating personality subscales as continuous variables.
Fig. 1.
Association between neuroticism and the risk of total cancer, according to study design (retrospective or prospective) and duration of follow-up (in the prospective analyses). Cut points for the neuroticism scores were chosen to divide the population into four groups as similar in size as possible. For all analyses, the referent group was the group in the lowest category of neuroticism score. OR denotes odds ratio estimated from the retrospective analysis using as the endpoint 671 prevalent cases of cancer at the baseline (P trend <.001). RR1 denotes relative risk estimated from the prospective analysis using as the endpoint 320 incident cases of cancer diagnosed in the first 3 years of follow-up (P trend ‫ס‬ .03). RR2 denotes relative risk estimated from the prospective analysis using as the endpoint 666 incident cases of cancer diagnosed in the 4th through the 7th years of follow-up, that is, excluding cancer cases diagnosed in the first 3 years of follow-up (P trend ‫ס‬ 0.43). All ORs and RRs have been adjusted for sex, age, cigarette smoking (never smoked, smoked in the past, currently smoking 1-19 cigarettes per day, or currently smoking ജ20 cigarettes per day), alcohol consumption (never drank alcohol, drank in the past, currently drinking ഛ22.7 g of alcohol per day, or currently drinking ജ22.8 g of alcohol per day), body mass index in kg/m 2 (ഛ18.4, 18.5-24.9, or ജ25.0); education (in school until up to age 15 years, age 16-18 years, or age 19 years or older), and family history of cancer (presence or absence in first-degree relatives). ciated with "Type C" personality, which they described as cooperative, unassertive, patient, suppressive of negative emotions, and accepting/compliant with external authorities. Subsequent studies have focused mainly on the association between components or related factors of "Type C" personality (such as emotional suppression and helplessness/hopelessness) and cancer recurrence or survival rather than incidence, but there is little consistent evidence that these factors play an important role in cancer survival or recurrence (32) . Other studies have examined the association between cancer incidence and anti-emotionality (7, 33) , repression (10), and hopelessness (8) . Although some studies (7, 8, 33) observed statistically significant positive associations, they had methodologic limitations, including a small number of cancer cases [ranging from 73 (8) to 166 (33)] and poor control for potentially confounding variables (33) .
The second line of work was conducted by GrossarthMaticek and colleagues (12) . They classified personality into four subtypes: "Type 1" (understimulation), "Type 2" (overarousal), "Type 3" (ambivalence), and "Type 4" (personal autonomy) and examined the association between the personality type and disease in three prospective studies among a population in Yugoslavia, a population in Heidelberg, and a stressed group in Heidelberg. They found "Type 1" personalities to be prone to cancer, "Type 2" to be prone to coronary heart disease, and "Type 3" and "Type 4" to be healthy (12) . They observed that the proportion of subjects who died from cancer during the follow-up was markedly higher in "Type 1" individuals than in "Type 4" individuals (e.g., 46.2% versus 0.6% in the Yugoslav study). However, various criticisms have been raised about these studies, including vague descriptions of inclusion and exclusion criteria for the study subjects (9, 34, 35) , insufficient information on establishment and confirmation of cancer diagnosis (9, (35) (36) (37) , and no information on validity of personality measurement (9, 34, 37, 38) .
In this study, we examined in detail potential confounding and effect modification by smoking and other covariates on the associations between personality scales and cancer risk. Various studies have reported that smoking is associated with extraversion or other personality characteristics (39, 40) , and some investigators have considered these findings as evidence that the association between smoking and lung cancer is confounded by personality variables (41) . We found that current smokers tended to score high on extraversion, low on neuroticism, high on psychoticism, and low on the lie scale compared with never smokers (Table 1) . We also observed that other risk factors for cancer, such as alcohol consumption and being overweight, were associated with these personality variables. Nevertheless, we observed little difference in the point estimates of RRs whether or not multivariable adjustments were made for smoking and other variables ( Table 2) . We also observed no material variations in the results of analyses stratified by these covariates. These findings indicate that the observed lack of association between personality factors and incident risk of total cancer in our study was not substantially confounded or modified by smoking, using alcohol, or being overweight.
Although this study focused on the association between personality and cancer incidence, we have observed an association between high alcohol consumption and all-cause mortality among men in this cohort (17) . We have also observed in this cohort positive associations between smoking and lung cancer, between alcohol consumption and several cancers, and between family history of cancer and risk of total cancers (Tsubono Y: unpublished observations). Therefore, our subjects should be considered a typical series of persons with regard to the associations between risk factors other than personality and cancer incidence or general health.
To our knowledge, this is the largest prospective cohort study of personality and cancer to date, involving 986 incident cases of cancer at all sites combined. However, the number of cases of individual cancer sites was still only modest at best, even for the most common cancer sites observed among our subjects. Therefore, our study may not have had sufficient statistical power for detecting small increases or decreases in the risk of cancer at individual sites associated with personality scales. This is particularly the case for hormone-related cancers, such as breast, endometrial, and prostate cancers, for which the incidence rates are lower in Japan than in Western countries (27) . Nevertheless, our findings support the hypothesis that personality does not play a substantial role in the causation of cancer in general.
